Aging is associated with decreases in strength and muscle mass. In addition, the ability to maintain balance decreases with age. Few studies have examined the relationship between isokinetic muscle performance and balance performance. It was the purpose of this study to determine if there is a relationship between muscle and balance performance, and to discover how this relationship is affected by age. Fifty-five healthy females were recruited from two different age groups, 28 females who were 18-30 years of age {mean age = 22.9 years ( ± 3.4), height = 163.5 cm (±6.5), weight = 64.8 kg (± 15.7)) and 26 females who were > 60 years of age {mean age = 68.1 years (+ 4.8), height = 159.7 cm (± 10.0), weight = 68.0 kg (± 11.4)1. Concentric and eccentric isokinetic muscle performance for the hip, knee, and ankle was measured using the KinCom isokinetic dynamometer. Balance performance was measured using the sharpened Romberg and one-legged stance tests. Younger subjects performed significantly better than older subjects on all muscle and balance performance variables (P = 0.05 to P = 0.0001), except the sharpened Romberg test with the eyes open. The older group exhibited significant relationships between balance and muscle performance measures (r -0.10 to r -0.57). In the older group, hip muscle performance was shown to correlate significantly better with balance performance than knee or ankle muscle performance. Also noted was a significantly greater relationship between muscle performance and balance performance with the eyes closed in the older group, as compared to the younger group. This is the first study known to thoroughly examine the relationship between muscle and balance performance. The presence of significant relationships warrants further examination. It is recommended that this relationship be examined in a broad spectrum of young, old, healthy and disabled populations.
INTRODUCTION
The ability to maintain an independent lifestyle is of paramount importance for older individuals. Today, more than 50% of those persons 80 years and over are independent in self care [8] . A primary cause of injury and disability in the elderly is the high incidence of falling. The most common type of injury resulting from a fall is a hip fracture, especially in women. Over 90% of hip fractures in persons over 70, are the result of a fall [34] . Falling is a major cause of mortality, morbidity, immobility, and premature nursing home placement [28] . It has been suggested that both muscle strength and balance may be related to the risk of falling in older individuals. Tinetti et al. [33] examined multiple risk factors that lead to falls in elderly people. They reported that impaired balance was among the greatest predictors of fall occurrence in community dwelling elders.
Numerous studies have reported that balance decreases with age [2, 4, 5, 25, 27, 30, 31, 40, 41] . It is also well documented that muscular strength decreases with age [1, 3, 15, 19, [22] [23] [24] 29, 37, 39] . However, few studies have examined the relationship between muscule and balance performance. Most of the research published on the relationship between muscle and balance performance is centered around elderly persons with a history of falling vs. elderly persons without a history of falling. Specific muscular weakness of the lower extremity has been documented in Idlers' as compared to 'non-fallers' [13, 20, 26, 28, 39, 40] . A recent study reported that measures of lower extremity function (standing balance, walking speed, rise time from a chair) were highly predictive of subsequent disability in mobility and activities of daily living [14] . Brown et al. [6] examined the relationship between strength and function as measured by walking speed, rising from an 18", 16", and 14" chair, and completing an obstacle course in healthy older adults (mean age 80.9 years). The authors reported weak, non-significant relationships for all variables examined except for the relationship between combined hip extension, knee extension, ankle plantar flexion strength and the 14" chair rise.
It is not known, however, whether individual measures of lower extremity strength are related to the ability to maintain balance under a variety of conditions, and it is specifically not known how this relationship is affected by age. Therefore, the purpose of this study was to examine the relationship between isokinetic muscle performance and balance performance as a -function of age in healthy, non-disabled women.
2. METHODOLOGY 2.1. Subjects Subjects were recruited from two different age groups of healthy, non-disabled women; 18-30 years of age and greater than 60 years of age. A total of 55 women were recruited, of which 28 were young participants (mean age = 22.9 years. ( ± 3.4), height = 163.5 cm (± 6.5), weight = 64.8 kg (± 15.7), body mass index = 24.2 kg/m² ( + 4.9)) and 27 older participants (mean age = 68.1 years. ( + 4.8), height = 159.7 cm (±10.0), 10.0), weight = 68.0 kg (± 11.4), body mass index = 26.8 kg/m² ( + 4.5)). Subjects who were 60 years or older were given medical clearance by a physician in order to exclude conditions that might put them at risk for cardiovascular complications, or that might hinder balance or muscle performance. These conditions included vestibular dysfunction, postural hypotension, poorly controlled hypertension, uncontrolled angina pectoris, aortic stenosis, peripheral vascular disease, recent myocardial infarction or stroke episodes, or muscle or ligament injuries or dysfunction. All subjects completed a medical history questionnaire that aided in screening those individuals with lower extremity injury or dysfunction, or any other existing conditions that would put them at risk for testing. Subjects were not taking any drugs that might have hindered balance or strength performance, such as antihistamines, coumadin, benzodiazepines (or other sedatives), narcotics, or antihypertensive medications associated with orthostatic hypotension.
Once the subjects provided informed consent to participate in the study, they were asked to refrain from taking medications that might interfere with balance and muscle performance at the time of testing. In addition, the subjects were asked to refrain from any intense physical activity for at least 3 days prior to testing.
PROCEDURE
Balance testing was performed before strength testing in order to avoid any fatigue that may occur with strength testing. Balance was tested using the sharpened Romberg (SR) and onelegged stance tests (OLST). The SR test is a modification of the original Romberg test, in which subjects stand in a tandem position with the heel of the front foot directly in front of the toe of the back foot. These tests are well documented in the literature and are proven to have good to excellent inter-tester and test re-test reliability and validity [5, 24, 32] .
After completion of the balance tasks, subjects were allowed to warm-up on a stationary bike for 5 minutes and then perform simple lower extremity stretches for the hip, knee, and ankle musculature. Isokinetic muscle testing for the dominant hip, knee, and ankle joints were performed. Leg dominance was determined as the foot the subject would use to kick a ball or stamp out a fire. The reliability and validity of isokinetic lower extremity muscle performance has also been well documented in the literature [7, 10, 12, 17, 18, 35, 38] .
INSTRUMENTATION 4.1. Balance assessment
During the balance testing, subjects were surrounded by a three-sided guard rail and wore a harness to protect against falling. Subjects were tested in their bare feet for all balance tests. The shoes and socks were removed to standardize test conditions across subjects (i.e. avoid variations in shoe type and sole surface). The SR was performed with the subjects standing on a level surface with the non-dominant foot placed directly in front of the dominant foot in a straight line. The test was performed with the eyes open and then closed. The subjects were asked to start with their arms at their side and eyes fixed upon an X marked at eye-level on the wall for the eyesopen trials. Timing began when the subject was ready and continued until the subject lost their foot positioning, grabbed onto any part of the three-sided railing, or opened their eyes on the eyesclosed trial. A maximum time limit of 60 s was set. Three trials were performed with a 1 minute rest interval between each trial for both the eyes open and eyes closed tests. All six trials were recorded, but the best trial for each of the eyes open and eyes closed tests was used for data analysis.
The OLST was performed on both the dominant and non-dominant leg, and with the eyes open and closed. The OLST was performed on a level surface and timing began when the subject was ready. They were instructed to stand on either foot with the other foot suspended off the ground and not touching the supporting leg. The subject's eyes were fixed on an X marked on the wall in front of them during the eyes open trial. Timing was stopped when the subject moved the supporting foot, touched the suspended foot to the ground, used the suspended foot to support the weight-bearing limb, or opened their eyes on the eyes-closed trials. A maximum time limit of 45 s was set. Three trials were performed with a 1 minute rest interval between each trial for both the dominant and non-dominant leg, each with the eyes open and closed. All 12 trials were recorded but the best time for both the dominant and non-dominant leg, each with the eyes open and closed was recorded for data analysis.
Assessment of muscle performance
Measurements of average torque production were obtained using the KinCom Isokinetic Dynamometer (Chattanooga Group Inc., Hixson, TN). Subjects performed flexion and extension movements of their dominant hip, knee, and ankle joints against a lever arm that provided an internal resistance, which accommodated to the muscular force applied. A constant pre-load of 30 N was set for all joints, in order to avoid torque artifact and to prevent the limb from having to catch-up to the accelerating lever arm. Subjects performed two sub-maximal and one maximal warm-up contraction for each joint. A 1 minute rest followed, during which time the subjects were instructed to resist the lever arm as maximally as they could, within their own limits. They were instructed not to hold onto the table and to wait for the examiner's instruction to 'Go'. A total of three sets of intermittent maximal contractions were performed starting with a concentric contraction followed by a 30 s rest period, and then followed by an eccentric contraction. The three interrupted maximal contractions were averaged to give a mean torque curve (N-m) and were presented in the system software. Torque was measured as the force applied by the extremity to the lever arm multiplied by the length of the lever arm as it rotated around the axis of the dynamometer. Average torque was recorded for each joint motion and type of contraction.
Hip flexion / extension
The angular velocity for hip flexion and extension was set at 20°/s. Subjects were tested in a supine position and the axis of the dynamometer was aligned with the greater trochanter of their dominant leg. Their opposite hip was flexed to a 45° angle and their opposite foot was placed on the table. A strap secured the torso against the table, and a strap around the distal thigh held the lever-arm pad in place against the quadriceps or hamstring muscles. The dominant leg was positioned such that the knee was flexed and the ankle was relaxed in a neutral position. Gravity correction procedures were performed prior to data collection. Gravity correction for hip flexion was performed with the hip positioned at 0° of flexion, and for hip extension gravity was corrected with the hip flexed at 50°. The range of motion limits were set at 0 and 50°.
Knee flexion / extension
The angular velocity for knee flexion and extension was set at 60°/s. The subjects were tested in a seated position with their hip flexed to 90° and the axis of the dynamometer aligned with the lateral joint line of their dominant knee, just above the head of the fibula. Straps were placed around the chest and hips in order to secure the upper body. A strap around the lower leg was placed two finger widths above the malleoli in order to hold the lever-arm pad in place on the tibia. Gravity correction procedures were performed prior to data collection, and range of motion limits were set at 80 and 5°.
Ankle dorsiflexion / plantar flexion
The angular velocity for ankle dorsiflexion and plantar flexion was set at 30°/s. The subjects were tested in a prone position with their knee joint at a 0° angle and the axis of the dynamometer aligned with the lateral malleoli of their dominant leg. A strap was placed around the thighs, and straps from the ankle attachment secured the foot and ankle. Range of motion limits were set at 30 and -10°.
5. DATA ANALYSIS Analysis of variance was applied to examine the individual variable differences between the young and old groups for both muscle and balance performance measures. The relationships between muscle and balance performance measures were calculated initially using a Multivariate Analysis of Variance (MANOVA) in order to identify significant canonical correlations between the linear combination of muscle performance variables and the linear combination of balance performance variables. Due to the number of variables being examined, this procedure was performed overall using all subjects, in order to identify overall significance. The canonical correlation between balance performance variables and each of the hip, knee, and ankle muscle performance variables were examined separately. Where there were significant canonical correlation's overall, Pearson's Product Moment Correlation Coefficients were examined individually.
In order to examine the muscle and balance relationship differences between the two age groups, Fisher's Z transformations were performed on the r values in both the young and old groups and the z scores were used in a one-way ANOVA. In addition, the z scores for the relationship between balance performance and each muscle group performance for both the young and old groups were used in a one-way ANOVA in order to examine whether hip muscle performance, knee muscle performance, or ankle muscle performance correlated better with balance performance. If significant differences were present, a Tukey-Kramer post hoc analysis was performed to identify the differences.
RESULTS
Balance performance data are presented in Table 1 . ANOVA revealed significant differences (P < 0.0001) between the young and old groups for all balance performance measures with the exception of the SR test with the eyes open (P 0.15). Table 2 shows muscle performance values obtained from the KinCom analysis, Significant differences (P Table 1 Comparison of balance performance variables in young and, old subjects (seconds) Table 2 Comparison of measures of muscle performance variables in young and old subjects (average torque in Nm) 'Significantly different than the young group (P < 0.001) HFC, Hip flexion, concentric; KEC, Knee extension, concentric; HFE, Hip flexion, eccentric; KEE, Knee extension, eccentric; HEC, Hip extension, concentric; ADC, Ankle dorsiflexion, concentric; HEE, Hip extension, eccentric; ADE, Ankle dorsiflexion, eccentric; KFC, Knee flexion, concentric; APC, Ankle plantar flexion, concentric; KFE, Knee flexion, eccentric; and APE, Ankle plantar flexion, eccentric. < 0,001) were observed between the young and old groups on all muscle performance measures.
Overall MANOVA revealed the presence of significant canonical correlation's (rc) between the balance performance variables and hip, knee, and ankle muscle, performance variables (rc = 0,70, P < 0.05; rc = 0.72, P < 0.05; and rc = 0.71, P < 0.05, respectively). Therefore, Pearson's correlation matrices for both the young and old groups were performed.
Pearson's correlation matrices for balance and muscle performance in the older group are presented in Table 3 . Although several significant relationships were found between muscle performance and balance performance (r > 0.37, P.< 0.05), none of the correlations were > r = 0.71 (50% common variance).
A similar analysis for the younger group is shown in Table 4 . There were no statistically significant relationships between muscle and balance performance in the younger group (r > 0.36, P < 0.05).
Z transformations were performed on the r values in both the young and old groups. The z scores were then used in a one-way ANOVA to identify significant differences between the young and old groups for the relationship between muscle and balance performance. ANOVA revealed a significantly greater relationship between the sharpened Romberg test with the eyes closed and muscle performance in the older group as compared to the younger group. In addition, the older group had a significantly greater relationship between the dominant and non-dominant onelegged stance tests with the eyes closed and muscle performance than the younger group. When the relationship between muscle performance and overall balance performance with the eyes open was compared to overall balance performance with the eyes closed, the older subjects exhibited a significantly greater relationship (P < 0.0003) between muscle and balance performance with the eyes closed than the younger group.
The z-scores were also computed from the r values for relationship differences among the muscle groups tested and balance performance for both the young and old groups. ANOVA revealed significant (P < 0.001) relationship differences between balance per formance and the muscle groups tested in the older subjects. Tukey-Kramer post hoc analysis revealed that hip muscle performance correlated significantly better with balance performance than knee or ankle muscle performance. In the younger group, no significant relationship differences between balance performance and the muscle groups were noted.
DISCUSSION
The present findings are consistent with numerous studies which have reported that balance decreases with age [2, 4, 5, 25, 27, 30, 31, 40, 41] . The results of this study also support the well documented finding that strength decreases with age [1, 3, 15, 19, [22] [23] [24] 29, 37, 39] . The principal findings of our study, however, indicate that the relationship between muscle and balance performance is dependent on age, specific muscle group parameters, and whether balance is performed with the eyes open or closed.
Balance performance
We found a significant age effect for the sharpened Romberg test with the eyes closed and the one-legged stance tests with the eyes open and closed, which is consistent with the findings of Rikli and Busch [25] who reported a significant age effect for the one-legged stance test with the eyes open. Differences between young and old subjects for the dominant one-legged stance test with the eyes open were smaller than with the eyes closed. A similar trend was seen with the non-dominant one-legged stance test (Fig. 1) . These data support the suggestion that as people age, there is a greater decline in balance tasks with the eyes closed, as compared to with the eyes open [24] .
Relationship between muscle and balance performance
Our results indicate that while the relationship between muscle and balance performance in the older group is not strong (r < 0.57), it is dependent on age. In the older group, it appears that muscle performance may have played a role in the subjects' ability to maintain balance (Table 3) . This relationship was not seen in the younger population. We hypothesize that the length of testing time required to perform the balance measures (i.e. 45-60 s) may have elicited muscle fatigue, thereby taxing the lower extremity muscles. Fatigue may have affected the older subjects to a greater degree than the younger subjects. Therefore, the potential for a greater relationship between balance and muscle performance measures was possi ble in the older group. The increased potential for muscular fatigue in older persons is supported by the literature documenting age-related declines in strength [19, 23, 24, 29, 37] . Fiatrone et al. [11] examined the effects of an 8-week quadricreps isotonic strength training program in older adults (n = 10, mean age 90.2 years). All subjects exhibited significant improvements in quadriceps strength. Five of the 10 subjects completed a tandem gait test, and exhibited a 48% improvement after training.
Results from this study are encouraging, however, the number of subjects tested was small and a control group was not used for comparison.
In the present study, concentric and eccentric isokinetic hip, knee, and ankle muscle performance was assessed and compared to static balance performance with the eyes open and closed. While there were statistically significant correlations between muscle and balance performance in the older group, there was a great deal of unexplained variance. The amount of unexplained variance should be considered when interpreting the clinical relevance of these statistically significant findings. There needs to be more thorough research examining the cause and effect relationship between muscle and balance performance.
The relationship between muscle and balance performance, may also be dependent on the specific muscle group tested. We found a significantly greater relationship between balance performance measures and hip muscle performance than knee or ankle muscle performance in the older subjects. These findings support the report of Robbins et al. [26] who examined hip, knee, and ankle muscular performance in a group of 'falters' and 'non-fallers'. They found significantly greater hip, knee, and ankle muscle weakness in the `falters' as compared to the 'nonfallers'. In addition, the authors reported that hip weakness, among other factors, significantly and independently predicted falling in the subjects studied. Tinetti et al. [34] also reported hip weakness to be the single best predictor of falls in the elderly.
We also found that our older subjects exhibited a significantly greater relationship between balance performance with the eyes closed and muscle performance, than did our younger subjects (Fig. 2) . These findings may have clinical application for older individuals in that normal aging may result in visual compromises, such as decreased visual acuity, restricted visual field, and reduced depth perception. This impaired use of visual reference may require that older persons rely more on other adaptive responses, such as proprioceptive adaptations [36] . Based on the results of their study, Maki et al. [21] , reported that the importance of proprioceptive, cutaneous, and vestibular inputs increased when visual inputs were unavailable. Several reports have examined visual, vestibular, and proprioceptive input for the control of balance across a wide range of circumstances [31, 32, 36] . The consensus is that during different periods of life and depending on the presence of certain diseases or conditions, the reliance on one or more of these systems varies. Children tend to rely more on proprioceptive and vestibular cues, whereas adults rely more on visual cues, and the elderly tend to control postural stability almost entirely by visual influx [36] . If any one of these systems is impaired for any reason, there will be a greater reliance on the other systems to compensate for the inadequacies [28] .
In addition to visual changes that occur physiologically with age, there are also visual compromises that result with darkness. For example, elderly persons who get out of bed in the middle of the night, are at risk for falling as a result of visual compromise caused by the darkness. A recent study by Cummings et al. [9] revealed that poor depth perception and reduced visual contrast sensitivity independently increased the risk of hip fractures. Lord et al. [20] also reported low contrast visual sensitivity to be an important predictor of falling. Hu and Woollacott [16] examined the effects of multi-sensory balance training in older adults and found that static balance performance increased significantly more when balance training was conducted with the eyes closed as opposed to the eyes open on a firm support surface. They concluded that the trained subjects were able to weigh their sensory inputs and select the most reliable sensory information for postural control. Therefore, increased performance of the lower extremity muscles may be even more important for older individuals in maintaining postural control in a variety of situations.
CONCLUSIONS AND CLINICAL IMPLICATIONS
The findings of the present study support previous findings that the level of muscle and balance perfor mance is lower in older compared to younger subjects. When isokinetic muscle performance measures are considered, a statistically significant relationship exists between muscle and balance performance in older subjects. The results of the present study are unique in that the relationship reported was between individual muscle and balance performance measurements, as opposed to documenting weakness in 'fallen' vs. `non-fallers', or predicting risk factors of falling in older persons.
The data from the present study suggest that by maintaining muscle performance, balance performance may also be maintained. This is especially important for older individuals because of their increased risk for falling as a result of numerous physiological changes that commonly occur with aging.
